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SUMMARY
The object of this research was to study methods of dynamic optimization,
decentralized control theory, and stochastic control as they are applicable to
dynamic control of macroeconomic models of the U.S. economy.
In addition to the large scale detailed macroeconomic model previously
estimated, two smaller aggregated models were constructed differing only
in the specification of the investment equation. Several sequential open-loop
optimization algorithms were carried out by optimizing the aggregated models
and used on the larger model to study the effect of aggregation upon policy.
Results were inconclusive and great difficulties were encountered due to poor
numerical convergence and cost of optimization experiments.
In a different study .a small linear model of the U.S. economy was. used
to study the impact of decentralized decision-making by the monetary and fiscal
authorities using various behavioral assumptions. The results indicate that
optimal economic stabilization under decentralized policy-formation is quite
sensitive to assumptions governing interaction between monetary and fiscal
authorities; the higher the degree of competition the more counterproductive
stabilization strategies became.
Fundamental studies in dynamic decision making under uncertainty were
carried out by studying the optimal control of systems with uncertain para-
meters, modeled as being uncorrelated in time (white). New results obtained
show the existence of an uncertainty threshold principle that states that if
the parameter uncertainties exceed a threshold, then optimal long-term
stabilization policies do not exist.
1. RESEARCH IN MODELING AND DYNAMIC OPTIMIZATION
Under the previous grant a medium size model (BIG MODEL) of the U.S.
economy was developed and a limited number of open-loop and sequential
open loop optimal (SOLO) dynamic optimizations were carried out. The
results and documented in Ref [1]. In order to facilitate a number of
optimal control experiments it was decided to obtain smaller aggregated
versions of the BIG MODEL; another objective was to study the impact of
sequential open loop optimal policies computed on the basis of the
aggregated models but applied to the BIG MODEL, which then would re-
initialize the aggregated models so as to compute the optimal policy for the
next quarter from the small models.
Professors Kuh and Pindyck, Mr. M. Boissiere, Ms. M. Winokur, and Mr.
R. Ku participated in this effort.
By the beginning of the summer of 1978 a small aggregated version of
the BIG MODEL had been constructed and estimated. Since the multiplier
response has not yet been investigated, we started there by doing various
policy simulations involving changes in fiscal and monetary instruments.
A few more specifications for the investment functions in plant and equip-
ment were tried and estimated before the final version of the small model
was decided upon.
We then moved on to doing optimizations of the small model. The aim
at this point was to try to construct a trade-off curve of inflation and
unemployment. We got two points for the curve but when some terms of the
welfare function were given relatively heavy weights, problems arose. Some-
times the personal tax rates went negative and other times convergence to
the optimal solution was not obtained.
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There was also concern about the multiplier graphs for the 17 periods
simulation that indicated that unemployment was rising near the end of the
simulation. So 10 years and 40 period simulations were done confirming that
there was a problem with the long run unemployment rate rising as a result
of fiscal or monetary stimulus.
In the fall of 1978 various attempts were made to modify the small model
to overcome this problem. The problem turned out to be in the labor force
specification. The SMALL MODEL aggregated into one equation the two equa-
tions from the BIG MODEL for the primary and secondary labor force. By returning
to the BIG MODEL specification the problem of the perverse unemployment response
was eliminated. So the two equation specification for the labor force was
used in both the final version and the original version of the small model.
We thus had two reasonably behaved small models, the final version (NEW SMALL)
differing from the original (OLD SMALL) only by the specification for investment
in plant. The new version included lags for user cost of plant and thus was
more responsive to monetary policy.
In order to learn more about the response and controllability of the
models, a complete set of multipliers was calculated for the two SMALL MODELS
and the BIG MODEL. The BIG MODEL turned out to be more sluggish in response
to policy stimuli than both of the SMALL MODELS. This was suggested as one
of the reasons for theslow response observed in the sequential control simu-
lations carried out in the Spring of 1977. The NEW SMALL model was also more
responsive to monetary and corporate tax instruments.
With a more reasonable model structure in hand, the sequential control
experiment decided upon was one where rate of growth of investment entered
into the welfare function and policies derived from the NEW SMALL model would
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be applied to the OLD SMALL model. Our purpose was to gain experience
in using one model, a small one, whose optimal instruments would then be
applied to the BIG MODEL, taken to be the "real world", whose outputs would
then enter the sequentially optimized small model. While the idea remains
an appealing one, we ran out of time and computer budget resources before we
could complete the range of experiments needed to made a serious evaluation.
Appendix A contains a draft documentation of the aggregated models
developed under this grant.
2. DECENTRALIZATION AND OPTIMAL MACROECONOMIC POLICY
Recent studies of optimal macroeconomic stabilization policy in the
U.S. have introduced the notion of decentralization between the fiscal and
monetary authorities. Implicit in these studies have been assumptions
governing modes of interaction between the two authorities. Pindyck [8], [91
for example, analyzed policy interactions in the context of open- and closed-
loop non-cooperative Nash games. Fair studies how one-sided exogenous or
endogenous "reaction" assumptions concerning the behavior of the monetary
authority affect optimal fiscal stabilization policy.
Our work in this study carried out by Mr. J. Neese, Professors Pindyck
and Athans, and Dr. D. Castanon explores decentralized stabilization policies
under a spectrum of interaction assumptions to illustrate the qualitative
relationship between "optimal" policy-formation and modes of interaction.
The spectrum is comprised of: A) centralized assumptions, according to
which one decision-maker designs both fiscal and monetary policies; B) one-
sided exogenous assumptions, restricting either authority to a fixed, exo-
genous strategy and allowing the other to choose optimally; C) one-sided
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endogenous "reaction" assumptions, according to which B)'s exogenous strategies
are replaced by endogenous "reaction" functions which are estimated relations
meant to represent historical averages of the monetary and fiscal policy-
formation processes; D) two-sided endogenous "reaction" assumptions, according
to which both authorities form endogenous "reaction" policies, (the one-sided
assumptions intersect with Fair's study); E) open- and F) closed-loop Nash
competitive assumptions, allowing both authorities to simultaneously choose
optimal policies, (as in Pindyck's study); and finally G) Nash bargaining
assumptions, according to which coordinated optimal policies are chosen based
on previously negotiated agreement.
These interaction assumptions were studies in the 1968-4 to 1973-4
context of Pindyck's small quarterly model of the U.S. post-Korean war
economy (a revised and updated version of the model employed in Pindyck [83.
A preliminary enquiry is made into the model's characteristic dynamic modes
and simulation behavior to illuminate the relationship between the stabili-
zation policies and this particular model's properties.
The results reinforce Pindyck's and Fair's findings that "optimal"
economic stabilization under decentralized policy-formation is quite sensitive
to assumptions governing interaction between the monetary and fiscal authorities.
The evidence is most conclusive concerning the degree of competition and non-
cooperation between the policy-makers: the higher the degree of competition,
the more counterproductive stabilization strategies become.
Detailed documentation can be found in the recently completed thesis
of Neese [103.
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3. STOCHASTIC CONTROL OF LINEAR DISCRETE TIME SYSTEMS WITH RANDOM WHITE
PARAMETERS
Mr. Richard Ku, Professor Michael Athans, and Dr. David Castanon
initiated investigations on the stochastic control of linear systems whose
parameters are modeled as discrete white noise, both in the state equation
and the measurement equations. This research effort was initiated to under-
stand at a basic level the interrelationship between modeling errors in the
state and measurement equations, and the existence and characteristics of the
optimal stochastic control law. The assumption that the model parameters are
white, quantified by their mean and standard deviations, precludes any dual
effects in the solution of the stochastic optimal control problem, since by
definition one cannot estimate white noise. Thus, this method of modeling
represents, in a sense, a worst case behavior in the stochastic control
problem with random parameters.
The assumption of white parameters allows one to obtain an analytical
solution to the problem through the use of stochastic dynamic programming.
Several cases of the problem have been examined, using first order dynamics,
so as to understand at the simplest possible level the interrelationship
between the model uncertainty and the existence and characteristics of the
optimal stochastic feedback control law.
If one makes the assumption that one can measure exactly the state
variables of the model with random parameters, in the presence of additive
process white noise, and the use of a standard quadratic performance index,
then the optimal solution (if it exists) is a linear feedback control law.
In contradistinction tot the standard Linear Quadratic-Gaussian case, the
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optimal linear feedback gain is a function not only of the average value.s of
the random model parameters, but also a function of their standard deviations
and possible cross-correlations. If the model uncertainly, as quantified by
an algebraic threshold function dependent upon the means and standard devi-
ations of the white parameters, increases over a certain value, then the
optimal control problem does not have a solution as the terminal time goes to
infinity. We call this phenomenon the Uncertainty Threshold Principle,
[21, [31, [4].
The next problem examined was that of estimation. In this formulation
we examine the problem of obtaining an estimate of the state variables, when
the state cannot be observed exactly. We use a linear measurement equation,
which contained both multiplicative and additive white noise parameters.
Even under the Gaussian assumption, one cannot calculate a finite dimensional
estimator that generates the true conditional mean of the state. What is
possible to obtain is the best linear minimum variance estimator of the
state. Under these assumptions one has a different threshold effect, once
more quantified by the means and standard deviations of the multiplicative
random white parameters, such that if this threshold is exceeded then the
variance of the state estimation error increases without bound.
The final problem which was investigated involves the complete stochastic
control of a linear dynamic system with both additive and multiplicative white
noise parameters in the state dynamics, as well as in the measurement equation,
and with respect to a quadratic performance index. Because of the infinite-
dimensional nature of the estimator for the true conditional mean of the
state, a finite dimensional compensator approach uas used. Essentially, we
have derived the mathematical characterization of the best linear constrained
finite dimensional estimator that transforms the noisy measurements into
controls.
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Even with these simplifications the problem of determining the best
linear feedback dynamic compensator yields an extremely complex and highly
coupled nonlinear two point-boundary-value problem, even in the case of
scalar dynamics. The complex nature of the two point-boundary-value problem
precludes any analytical insight to the problem, and thus the optimal
stochastic control problem can only be solved through iterative numerical
solution of the two point-boundary-value problem. Partial results have been
obtained for the characterization of the threshold associated with this
stochastic control problem, which marks the relationships between the total
system and measurement uncertainty and the existence of an optimal finite
dimensional linear compensator with constant parameters.
Full documentation of the above results can be found in the doctoral
thesis of Richard Ku [6].
In spite of the analytical difficulties, we still believed that funda-
mental understanding of estimation and stochastic control of linear systems
with both additive and multiplicative white noise parameters will lead to a
deeper understanding of decision making under dynamic uncertainty and to the
adaptive control and estimation problem in general. A combination of both
analytical and computer simulation research appeared to be necessary.
Towards this goal Mr. Parikh and Professor Athans initiated a research
effort directed toward a more fundamental understanding of stochastic control
of high order multivariable linear systems with multiplicative white noise
parameters. Under the assumption of perfect state measurements, the optimal
control laws can be computed from the numerical solution of a Riccati type
equation. A general purpose set of software routines have been developed
to solve this class of problems by Mr. Parikh and Mr. Carrig. We are currently
using this set of computer algorithms to solve some nontrivial examples so that
we can obtain some idea of what happens when several unknown parameters in the
system dynamics change in a relatively unpredictable manner.
The specific model is a simple two state variable macroeconomic model
(involving consumption and investment) with two instruments (government
spending and money supply) acting as control variables. Significant changes
have been found in the system response and the time histories of the instru-
ments as both the parameter uncertainties and the objective functions are
changed.
Full documentation will be found in the forthcoming thesis of Parikh [11]
and a paper [12].
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APPENDIX A
DRAFT DOCUMENTATION OF THE
AGGREGATED ECONOMETRIC MODELS
The nonlinear macroeconomic model described below is a modif d ,?h6 tbd
version of the medium-sized model described in the Appendix of "Sequential Open-
Loop Optimal Control of a Nonlinear Macroeconomic Model," by Athans, Kuh, Pindyck,
et al. In order to facilitate a variety of optimal control experiments an aggre-
gated model containing considerably fewer equations was desired. This smaller
model contains 19 stochastic equations and 12 non-stochastic equations (the re-
quired identities as well as several definitional equations). The former model,
which was the foundation of this smaller one, contained 37 behavioral equations
and 47 definitional equations and identities.
All equations were estimated by Ordinary Least Squares regression. In those
equations containing' lagged dependent variables which were corrected for first
order serial correlation, a search (Hildreth-Lu) procedure was employed to es-
timate P, the coefficient of correlation, (Since the purpose of the estimation
was not hypothesis testing, the resultant biasedness of the standard errors was
not a problem.) Unless otherwise indicated the range of the data used in the es-
timation was 1954: 1 to 1975: 3.
Consumption Expenditures
The specifications of the equations determining the two components of this
sector, real per capita consumption of non-durable goods and services (CNSPFC) and
-real per capita consumer expenditure on durable goods (CDPC), are unchanged from
the former model. The basic specification
c(t) - a + by(t-1) + cAy(t) + dc(t-l)
(all real per capita variables) is consistent with a number of accepted theories
of consumption, among them of version of Friedman's permanent Income hypothesis
[ 1 or the Houthakker-Tajlor framework [ i. lt.hough it does not include the
the effect of wealth on consumption as implied in the Life-cycle hypothesis
[ I, it can be derived from the simple Life-cycle specification under the assump-
tion that changes in the consumer's wealth result only from saving. The inter-
pretation of the coefficients of the basic specification will depend on the under-
lying theoretical framework.
A wealth variable which is a measure of liquid assets is added to the basic
specification in the equation on durables on the assumption that these liquid
assets- especially affect expenditures on durables. The liquid assets variable
serves as a direct means of of transmission of the impact of monetary policy
on the real sector; it is defined as the sum of private net demand deposits (MDP),
time deposits at commercial banks (other than large CD's)(,MTD), savings deposits
in savings and loan associations and mutual savings banks(MSD), and currency
held by the public. MDP is determined endogenously in the financial sector.
The sum of liquid assets is expressed in real per capita form by dividing by total
production (L£TOP) and the implicit deflator for consumption expenditure (PC) which
is determined endogenously in the price sector.
The estimated equations for real per capita consumption expenditures are
(1) CNSPC - 131.20 + 0.234 YDPC + 0.656 CNSPC(-l)
(27.01) (0.039) (0.058)
RHO - 0.50
2
R - 0.996 SER - 12.06 DW - 2.27
1The numbers in parentheses below the estimated coefficients are the estimated
standard errors of the cocfficients. SER is the standard error of the regression.
RHO, where given, is the estimated coefficient of correlation,
-3-
(2) CDPC - -29.63 + 0.166 AYDPC
(9.46) (0.040)
+ 0.043 ClMD0'4f10\G.DP + MTD + MSD + CURR)
(Q. 010) iTPOP Pc)
+ 0.751 CDPC(-1)
(0.057)
R - 0.984 SER = 12.44 DW = 1.97
YDPC represents real per capita disposable income; it is replaced by the
expression below in the final form of the model.
(lD100>P1C0> [YGPN - WSACCR + 'WRPVT ' LWKHR 52 LEPVT
+ PTOT + YRENT + BDIV + BTRF + NGTRAN + VPINT
-TPERSR · YPTOTAX - TPSL - NTP].
The definitions of all these variables are given at the end of this description.
Real consumption expenditure is then given by
,TPOP LTIPOPC - CDPC + CNSPC - 100-- (3)1000 1000
Private Fixed Investment
Three components which comprise total private fixed investment are modelled
separately: the change in the net real stock of producers' durable equipment
(AKPDE), the change in the net real stock of nonresidential structures (AKPL), and
real investment in residential structures (:NVH).
-4-
The equation which determines the change in the net stock of producers' durable
equipment employs a specification due to Eisner-Nadire [f |. )hich, in turn, is
a modified version of a Jorgenson-Stephenson formulation [ 1. The'rate of
ehange of the net stock of capital is assumed to be a linear combination of past
rates of change of real private product (YPP) and of the cost of capital (PPP/UCE),
The term [KPDE - KPED(-l)/KPDE(-!)] is employed as an approximation to ALOG(KPDE)
so that KPDE/KPDE(-1) appears as the dependent variable.
A dummy variable which is zero until 1965 and one thereafter is also included;
e simulation of the equation over the period of estimation prior to adding the
dummy suggested some structural change had occured near the end of 1964 and a show
test subsequently confirmed at 1,last that the set of coefficients had change be-
tween the two decades, The addition of the dummy variable appeared to represent
the unknown structural shift adequately.
The estimated equation, in which a third degree polynomial was used to es-
timate the coefficients of the distributed lags, is given below. The distributed
lag is constrained to have zero weight at its tail.
12 A'
(4) KPDE/KPDE(-!) = 1.002 + 0.005 D2 + Z af ALOG(YPP(-i))
(0.001) (0.001) i=l
12 '
arL .-06 Bi= 0.0006
(0.013) (0.037)
a 2 < 0.071 82 f 0.0038
(0.010) (0.0038)
$3 J 0.075 83 - 0.0057
(0.011) (0.0038)
- 0.= 077 Be = 0.0067
(0.012) (0.0042)
s '- 0.075 s-- 0.0070
(0.012) (0.0041)
al -- 0.072 B0 - 0.0066
(0.012) (0.0040)
-7 7 0.066 B 0.0057
(0.012) (0.0039)
as ~ 0.059 8. _ 0.0046
(0.012) (0.0041)
a - 0.049 B8 - 0.0033
(0.012) (0.0043)
rls -I 0.039 = _ 0.0020
(0.011) (0.0043)
all -I 0.027 81 .0.0009
(0.010) (0.0037)
a12 _ 0.014 512 O. 0.0002
(0.006) (0.0023)
MEAN LAG - 4.48 SUM OF LAG = 4.65
(0.69) (10.77)
SUM OF LAG COEFF. = 0.687 SUM OF LAG COEFF. = 0.047
(0.106) (0.032)
RHO - 0.80
R2 - 0.582 SER - 1.20 x 10-3 DW = 2.03
he xpression 4.8 ( - TC - - i bi
The expression 14.8 (1- DITC - RDDEP · TCORPR)/(1l- TCORPR)/is substitutelfor
UCE in. the above to represent the user cost of durable equipment.' YP is real
private product and PPP is the implicit deflator for gross private product. DFTC
is the investment tax credit parameter, RDDEP is the ratio of deductible depre-
ciation in deterioration,. TCORPR is the effective corporate bond rate. Equipment
is assumed to deteriorate 14.8 per cent per year, while .125 represents the
ratio of the interest payments which are deductible to the rental of capital.
,The cost of capital funds was computed as 2.55 times the yield on corporate bonds. 2
2 See Kuh-Schmalensee [ ].
The same specification is used in the equation determining the net stock
of nonresidential structures. The capital cost variables were omitted since
reasonable statistically significant coefficients of the cost variables wTere
not obtained when they were included. Again it appeared that some structural
change occured around 1964, but this time the insertion of a dummy did not alle-
viate the problem. Therefore the range of estimation of the final equation was
taken to be 1964:1 to 1975:3. Again the coefficients of the distributed lag
were estimated using a third degree polynomial and constrained to be zero at
the tail.
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(5) KPL/KPL(-l) = 1.005 + Z aiALOG(YPP(-i))
(0.0019) i1l
al- = 0.0183 at = 0.0161
(0.0082) (0.0079)
at = 0.248 a -- 0.0107
(0.0063) (0.0089)
at- 0.0276 at - 0.0055
(0.0067) (0.0097)
am, 0.0276 alo - 0.0012
(0.0071) (0.0098)
as ~ 0.0252 all- -0.0016
(0.0072) (0.0085)
as = 0.0212 al2 -- 0. 0022
.(0.0073) (0.0054)
W E ALAG - 3.184
(0.914)
SUM OF LAG COEFF. = 0.174
(0.069)
RHO - 0.97
R - 0.30 SER - 5.7 x 10 DW 1.99
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~W=19
-7-
Finally, the expression 4(KPDE - (I - 0.148/4)KPDE(-1) and 4(KPL -
(1 - 0.0586/4)KPL(-l) are used to represent real-investment in producers' durable
equipment and in private ncnresidential structures in the model's closing iden-
tities, where 14.8 percent and 5.86 percent are, respectively, the assumed rates
of deterioration of durable equipment and nonresidential structures.
Ia the residential structures equation the dependent variable is real per
capita investment in nonresidential structures (INTVH/LTPOP); past values of
the difference between the long term and short term interest rates (to measure
credit availability) and past values of the change in real per capita disposable
lkts r
income were used as explantory variables. The coefficients of the distributed
.Kea'y r A I/lr C' i (- (t- . ,.,,IY'-,,( i_
AJ income were estimated using a third degree polyncmial.
/ 
(6) INHV/LTPOP = 0.176' + i a (RCB(-i-1) - RTB(-i-1))
(0.167)
0. , I 7
4
+ jEl j A CYDPC (-i-l))
-= 0.0058 B1 0.0511
(0.0023) (0.0387)
a O. 0.010 B2 '= 0.0878
(0.0024) (0.0401)
Bs- 0.1224
(0.0412)
-B, :0.0372 \
(0.0394)
MEAN LAG - 1.49 I'ov tA- I s)
(0.734)
SUM OF COEFF. - 0.298
(0.109)
RHO - 0.951
2
- 4.361 SER 8.88 x 10-3 DW 1.18
RCB is the AAA corporate bond rate, and RTB is the new issue rate on three
month treasury bills. The expression given above in the consumption sector for
YDPC is again substituted for that variable in the model in its final form.
Inventory Investment
Using an accelerator-type framework, past values of the changes in the real
value of final sales are assumed to determine the current real change in business
inventories (DINV). The gap betweenCGN'P(YG.) is included to represent the
"running down" of inventories as the economy nears its capacity. The coefficients
of the distributed lag are estimated using a third degree polynomial with the
weight at the tail constrained to be zero. The real value of final sales is just
equal to YGNP - DINV. The estimated equation was:
(8) DMNV - 0.838 + z aijYc(m DINV
(1.357)
- 0.033 (GNPPOT(-1) - YGN?(-1))
(0.017)
asl- 0.304 aC, = 0.133
(0.068) (0.032)
az = 0.141 a s - 0.166
(0.041) (0.040)
as 0.104 aG _ 0.142
(0.046) (0.045)
MEAN LAG = 2.145
(0. 038)
eC 3O b- I
SUM OF LAG COEFF. = 0.991
(0.130)
2R 0.602 SER 4.58 DW - 1.36
Imports
The specification for the equation to determine expenditure on imports also
remains unchanged from the former model.. Expenditure on imports is assumed to depe
on the Level of economic activity as measured by real gross private product (YPP),
the terms of trade as measured by the ratio of the implicit price deflator for
gross-- private product-(PPP)., and a dummy variable.constructed to represent the
impact of dock strikes 0f2)? in keeping a fraction of "normal" imports out of
the domestic market. The equation is written in logarithmic form.
(8) LOG(TIM) = -2.180 + 0.477 LOG(YPP) - 0.096 LOG(PTfI/PPP)
(0.493) (0.104) (0.035)
+ 0.074 LOG(1-DDSTR) + 0.739 LOG(TD(-1))
(0.023) (0.055)
R 0.993 SER - 0.037 DW - 2.00
The deflator PTDI as well as the volume of exports are treated as exogenous in
this model.
The Labor Market
The civilian labor force (LF) and total private employment (LEPVT) are de-
termined endogenously in this sector. Government civilian employment (LEGC) is
taken to be exogenous.
The labor force participation equation retains the same specification as in
the former model but the disaggregation into Primary and Secondary components
of the labor force no longer exists. Included in the explanatory variables is
a trend term (TIME) and a measure of labor market tightness, the ratio of total
civilian employment (LEPVT + LEGC) to the civilian population above the age of 16
(CPO16). The trend term (TIME) presumably measures two opposing tendencies,
the increased participation of women in the labor force and the increase in
early retirement. (In the former disaggregated model, this term had the expected
negative and positive signs in the primary an., secondary component equations.)
Though the estimated trend was negative in the equation given below, it was
not statistically significant.
Since changes in labor market tightness would not be expected to affect
labor force participation immediately a geometric distributed lag is included.
The dependent variable is the ratio of the civilian labor force to total population
above the age of 16 (POP16).
(9) LF 6=(LEPVT + LEGC)() F-0. 12 + 7.5 x 10 6 TDIE + 0.102
POPL6 CPOP16(0.021) (0.027)
+ 0.921 LF(-1)(0.035) POP16(-1)
2
R X 0.957 SER - 1.97 x 10 3 DW - 1.79
In the former model a log-linear relation between man-hours paid for in the
private sector, private output,and a trend term was used to determine the demand
for man-hours. Such a specification is implied from a model consisting of (i) an
aggregate production function of the Cobb-Douglas form that relates private output
to the labor factor input measured by man-hours worked, and labor augmenting Lech-
nical progress, and (ii) a first order adjustment mechanism relating man-hours worke
to hours paid. (Earlier attempts to include a capital services input variable had
failed to find it statistically significant.) Since in this model average weekly
hours per employee (LanK1]) was to be taken as exogenous, total private employment
(man-hours paid for in the private sector divided by LWKIR) was used as the labor
input variable, and a log-linear relation between private employment, real pri-
vate product (YPP), and average weekly hours (lagged) wa3 estimated. The labor
augmenting technical progress measured by the trend variable was insignificant,
and hence it was omitted.
(10) LOG(LEPVT) - -0.047 + 0.253 LOG(YPP) + 0.263 LOG(LWKHR(-1)
(0.376) (0.025) (0.083)
+ 0.374 LOG(LEPVT(-1))
(0.063).
RHO - 0.93
2 D32 -3
R - 0.838 SER - 4.13 x 10 DW - 2.10
The civilian unemployment rate is then defined as '(11) L~R -100 · (LF---
IEPVT - LEGC)/LF.
,)i U,, 'c (s I--i - GC- M If
Financial Markets
In this sector, private net demand deposits (~MP), theshort term interest
rate (RTB), the long term interest rate (RCB), and the level of required reserves-,
are all determined endogenously. The rate on time deposits (RTD) as well as the
quantity of time deposits (MTD) are exogenous in this model.
The stock of money demanded can be shown to be related to the flow of trans-
actions and the interest rate by the well known Baumol-Tobin formulation m 3 ky r8
where m is desired money holdings, y is the flow of transactions, r is the
interest rate, and k, a and a are constants. Both the new issue rate on three
month treasury bills and the rate on time deposits were chosen as measures of
r, the opportunity cost of holding money, and nominal GNTP(YGNPN) is used to measure
the flow of transactions The treasury bill rate was treated as the dependent
-12-
variable in this equation so that in simulation all the shocks to this sector were
not translated into large fluctuations of the short rate. Finally the behavioral
assumption of a partial adjustment of actual money holdings to desired money
holdings and the inclusion of lagged adjustment in RTB gave the final specification;
the range of estimation for this equation was 1954:J to 1974:2.
(12) "TOG(RTB) - -1.963 + 0.121 LOG(RTD) _Pw8.818 LOG (YGN 
(1.005) (0.328) (3.404)
+ 7(3.10871) YGNN + 0.297 LOG(RTB(-1))
(3.181) (010o8)
RHO - 0.703
R - 0.605 SER m 0.144 DW 1.60
The free reserves equation (13) below from Modigliani, Rashe, and Cooper [ ],
along with (12) jointly determines MDP and RTB; this equation is a reduced form
of a structurtal system which describes the supply of deposits to the aggregate
banking system by focussing on the investment portfolio decisions of an individual
bank. Free reservest(divided by lagged demand deposits tp correct for changes
in the scale ofi banking system) depend on the discount rate (DR), the short term
interest rate, changes in unborrowed reserves (Ru) and commercial loans (MCL),
appropriately weighted to account for the effects of required reserves, and changes
in the required reserve ratio against demand deposits (RRQD) of Federal Reserve
member banks.
-. 3-
(13) FR/NDP(-l) - 0 .00104 - 0.001oRTB + 9.7 x 10-4 D
(5.5 x 10 ) (3.5 x 10 - 4 ) (3.7 x 10 )
+ 0.642 FR(-1)/MDP(-l) + 0.314 (1-RRQD) AMC-I(-1)
(0.063) (0.043)
- 0.55 RRQD ·AMCL/DP(-l) - 0.175 ARRQD.
(0.103) (0.052)
x 0.892 SER - 1.33 x 10 DW - 1.99
This system is then closed bydding the identity relating free reservesio un-
borrowedr,and required reserves (RR) and an equation determining the level of re-
quired reserves from the levels of demand deposits and time deposits. RRQT is
the required reserve ratio against time deposits of Federal Reserve nember banks.
(14) FR RU - RR
(15) RR - 2.724 + 0.778 · RRQD · MDP + 0.762 · RRQT · MTD
(0.391) (0.028) (0.036)
2
R2 - 0.996 SER - 0.367 DW - 1.49
The term structure equation, relating the corporate bond rate (RCB) to the
treasury bill rate (RTB), has a geometric lag consistent with the idea that the
long term rate depends on a long distributed lag of short term rates. The change
in the short rate is also included to capture the effect of instability of the
short rate on the long term rate.
(16) RCB - 0.0399 + 0.0846 RTB + 0.142 ARTB + 0.939 RCB(-1)
(0.0489) (0.164) (0.029) (0.017)
r7= i~qc/( EIL Ct 9 LIi):G~
-14-
Prices and Wages
Equations in this sector determine~ the rate of change of the deflator for
consumer expenditure, PCDOT, the rate of change of the deflator for gross private
product, PPDO., and the rate of change of pri'vate compensation per'man-hour, WDOT.
The remaining 3 equations of the sector relate the current level of those
variables to their rates of change.
In a Phillips-type relation, WDOT is assumed to depend on the level of the
U
civilian unemployment rate (LVR), the rate of change of the unemployment rate, and
a 'distributed lag of the rate of change of the consumption expenditure deflator
measuring expectation of inflation.
U
(17) WDOT 2.092 + 8.325(LVR) 1- 12.049 ALVR
(1.583) (6.902) (3.289)
7
+ E ai PCDOTi
i-"O
of - 0.243 a -0. 054
(0.156) (0.056)
al -1 0. 227 as r.-000^
(0.063) (0.063)
a 2 0.182 at-0.040
(0.097) (0.092)
a 3l -0.120 a7,.-0.043
(0.088) (0.083)
MEAN LAG - 0.827
(1.38)
SUM OF LAG COEFF. = 0.74
(0.156)
R2 - 0.388 SER - 2.405 DW - 2.39
A third degree polynomial was used to estimate the distributed lag in the above
equation with the weight at the tail constrained to be zero. Private compensation
-15-
man-hour (WRPVT) is then given by
(18) WRPVT = WU'PVT(-1) (I + WDOT/400)
The equation which determines the rate of change of the private product de-
flator is based on the common notion of price as a mark-up of unit labor cost.
Following Schultze [ ], the rate of change of unit labor cost was standardized
by estimating two values for the rate of change of productivity in the two
decades between 1954 and 1974. The rate of change of productivity in the private
sector was regressed on 2 dummy variables, one which was 1 from 1954 1 to
1964 4 and 0 thereafter and one which was 0 until 1965 1 and 1 thereafter. A
distributed lag of the current and past values of the discrepancy between the rate
of growth of actual output and the rate of growth of potential output was in-
cluded in the equation to filter out spurious effects on the long run rate of
change of productivity of changes over the course of the business cycle. The
rates of change of private productivity for the two decades were found to be
2.864 (1954-1964) and 2.388 (1965-1975 3). Exponential smoothing was employed
over 20 quarters centered around 1964 between these two values. This normalized
rate of change of productivity (EPRDOT) is then subtracted from WDOT to give a
standardized rate of change of unit labor cost. Besides a distributed lag on
the standardized rate of change of unit labor cost, a distributed lag of the rate
of change of the wholesale price index for crude materials for further processing,
WPICDOT, is included in the equation determining PPDOT on the assumption that it
might cause price behavior to deviate from a simple markup on normal unit cost.
Variables to represent excess demand were-triei such as the level of the gap be-
,tweea real and potential GNP and the Wharton capacity utilization rate7 The former
had a coefficient of the opposite sign from what would be expected, due to re-
duced form correlation, and the latter had the right sign but was not significant.
-16b-
Both of the distributed lags in the final equation were estimated using 3rd de-
gre" polynomials with weight at the tail constrained to be zero. The range
in 1956 1 to 1975 3.
(19) PPDOT - -0.305 + i=Z0ai (WDOT(-i) - EPRDOT(-i))
(0.401)
5
+ i0o Bi (WPICDOT(-i))
as _ 0.243 B0 = 0.0050
(0.058) (0.0116)
al - 0.226 B1 - 0.0061
(0.040) (0.0078)
a2 - 0.192 B2 ; 0.0174
(0.039) (0.0080)
a3 - 0.146 B0 ^ 0.0306
(0.029) (0.0062)
a - 0.095 B -- 0.0376
(0.037) (0.0082)
s - 0.045 Bs - 0.0301
(0.038) (0.0085)
KEAN LAG = 1.75 MEAN LAG - 3.42
(0.31) (1.07)
SUM OF LAG COEFF. = 0.946 SUM OF LAG COEFF. = 0.127
(0.115) (0.024)
R - 0.758 SER = 1.436 DW .1.49
(20) PPP - PPP(-1) (1 + PPDOT/400)
By then assuming that the prices of other goods in total private produc: not
included in consumption expenditure grow according toatrend, PCDOT was related
to PPDOT by the equation:
(21) PCDOT - 0.359 + 0.841 PPDOT
(0.164) (0.038)
R2 - 0.855 SER - 0.967 DW = 1.75
-17-
The final equation of the sector is
(22) PC - PC(-l) (1 + PCDOT/400)
National Income and Closing Identities
Three final behavioral equations determine corporate dividends (BDIV), the
federal personal income tax liability (YPTOTAX), both of which enter the ex-
pressions for personal and personal disposable income, and indirect business tax
and non-tax liability (BIBT) Ttshich enters the identity relating gross private
product to private national income (YNIP).
Personal taxable income depends on personal income and the per capita exemptior
for federal personal income taxes (TEXEIP). The expression which equals personal
In-,ome is substituted for it in the equation.
(23) LOG(1000 · YPTOT(/LTPOP) = 1.968 + 1.355 LOG(1000(YGPN
(0.157) (0.007)
W- SACCR + WRPVT 52 * LWKR ·LEPVT
1000
+ YPTOT + YRENT + BDIVi+ NGTRAN + YPL\WT)/LTPOP)
- 0.85tLOG (TrEC P)
( c30)
R2 0.999 SER 0.014 DW - 0.54
All of the variables for the expression for personal income are defined
in the glossary at the end of this account.
Dividends depend on corporate prcfits with inventory valuation adjustment
.'-i (-BCIVA) and capital consumption adjustment (rBCCCP) and net of corporate taxes
(TCORPR is the effective corporate tax rate); it is assumed that dividends re-
spond to net corporate profits with some lag.
-18-
(24) BDIV - 0.0273 (YNIP - WRPVT · 52 * LWKHIR LEPVT/1000
(0.0071)
- YPTOT - YRET - NETINT - BCIVA - BCCCP),(l - TCORPP)
+ 0.955 BDIV(-l)
(0.015)
l2 - 0.997 SER = 0.363 DW 2.11
The change in the indirect business tax and non-tax liability is related
both to the change in gross private product (YPPN) and its level in order to cap-
ture the effects on sales taxes of the change in sales and the effects on pro-
perty taxes of a change in tangible assets.
(25) ABIBT - 0.042 AYPPN + 0.0012 YPPN
(0.008) (0.00018)
R2 0.612 SER - 0.629 DW - 1.61
The government surplus or deficit (GSRP), defined as the receipts of federal
and state and local governments minus their expenditures, is determined in this
equation:
(26) GSRP - TPERSR · YPTOTAX + TPSL + NTP
t+ ( !- WRPVT 52 LWKHR .LEPVT/1000 - YPTOT - YrMP T
- NETINT - BCIVA - BCCCP) · TCORPR + BIBT - NGTRAN - GN - GETFF
- GEINT - GRSUB + GWALD.
There are five identities which close the model, one which defines real pri-
vate product as the sum of real variables from the various sectors of the model,
one relating private national income (YNIP) to gross private product (YPPN)
and three others which relate nominal and real private product to each other
and to nominal GNT (YGNPN) and real GN?P (YGNP). Government expenditure' (GlN)
and nominal government product CYGPN) and their deflators (PG and PGP) are exo-
genous in this model.
(27) YPP - C + 4(tPDE - (1 - 0.148/4)KIDE(-1)) + 4(KPL
- (- O.0586/4)KPL(-1)) + INV.+ TEX - TIM
+ GN 100/PG - YGPN 100/PGP
(28) YPPN - YPP - PPP/100
(29) YGNPN - YPPN + YGPN
(30) YGN'P - YPP + YGPN · OO/PGP
(31) YNIP - YPPN M-.P - BCCA - BIBT - BTRF + GRSUB - STADIS.
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